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Abstract 
 
This paper studies the possibility of obtaining 
activated carbons from lignocellulosic wastes. Three 
types of residues, obtained from chestnut shells, 
acacia pods and grape pips, were studied. To 
achieve our aim, several parameters commonly used 
in thermo-chemical processes (pyrolysis, alkaline 
activation) were evaluated:  heating rate, final 
temperature and maintenance time of final 
temperature in the pyrolysis, final activation 
temperature, inert gas flow and the ratio between the 
activating agent and the sample. 
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INTRODUCTION 
 
In recent years our research at the INCAR has 
focussed on methodologies for valorising residues 
(sewage disposal muds, fly ashes, etc.) by means of 
thermo chemical processes. Adsorbent materials 
commonly used to retain contaminants at source 
were obtained [1, 2]. The residues that most recently 
have been studied were taken from leather 
containing vegetal tannins rather than chrome which 
is highly contaminant. 
 The use of commercial vegetal tannins 
(Mimosa, Chestnut tree, Quebracho) poses a serious 
problem for the environment since the search for this 
type of tannins leads ultimately to deforestation. As 
an alternative to this source of tannins AIICA is 
exploring the possibility of extracting tannins from 
residues (grape pip and the fruit of acacia). In the 
case of grape pips, the tannins are chemically 
extracted, whereas in the case of acacia they are 
obtained by sieving the ground pod from the fruit of 
acacia. The tannins in the residues from the chestnut 
shells were extracted prior to the experiments. 
  
  
In all three cases, the extraction of the tannins gave 
rise to a lignocellulosic residue which appeared to be 
suitable for obtaining activated carbons [3, 4]. 
 By means of thermo chemical processes, 
pyrolysis and activation with alkaline hydroxide 
(KOH, NaOH), activated carbons with a suitable 
surface chemistry and textural development were 
obtained. These materials are appropriate for 
retaining contaminants from the leather industry and 
other possible applications. 
 
EXPERIMENTAL 
 
1. Chemical and textural characterization 
 
The elemental analysis was carried out on LECO 
CHN-2000 and LECP Sulphur Determination 
S-144-DR instruments. The ash content was 
determined according to the UNE 32004 norm. 
 Textural characterization was carried out by 
measuring the N2 adsortion isotherms at -196 °C on 
an automatic (ASAP 2420-Micromeritics) equipment. 
Before the experiments, the samples were 
outgassed under vacuum at 120 °C overnight .The 
isotherms were used to calculate the specific surface 
area, SBET. The results are presented on dry basis. 
 
2. Pyrolysis 
 
In order to establish the optimal conditions for the 
pyrolysis of the sample, several parameters were 
studied in a thermo-balance (Q5000IR): heating rate 
(5, 10 y 15 °C/min), final temperature (650, 750, 850, 
900 °C), maintenance time of final temperature (60, 
120 min) [5].  
 As can be seen in Figure 1, above 750 °C 
there was almost no loss of weight in the three 
materials, so this temperature in the furnace 
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(Carbolite CTF 12/65/550) was maintained for one 
hour, the effect being similar to that obtained at 
higher temperatures. 
 Once the optimal conditions were 
established, the sample was pyrolyzed. As a 
consequence of the pyrolysis, the materials obtained 
presented a carbon content value higher than that of 
the original sample, which in all cases exceeded 80 
% (Tables 1 and 2). 
 
3. Chemical activation 
 
In the next stage, a chemical activation was carried 
out in order to increase the porosity of the sample. 
The pyrolyzed sample (roughly 5 g) was impregnated 
with the activating agent, potassium hydroxide. This 
mixture was introduced in a conventional tubular 
furnace where the following parameters have been 
changed: final activation temperature (from 700 to 
900 °C), inert flow gas (150 and 500 ml/min) and 
proportion of the potassium hydroxide to the sample 
(1:1 and 2:1).  
 When the sample was activated, the porosity 
was not effective because it was blocked by different 
activation products; therefore, these products had to 
be removed. The samples were washed, using 
hydrochloric acid and Milli-Q water, until water. 
Finally, the sample was dried first in a heater (105 
°C) and then in a vacuum heater (65 °C) . 
 
RESULTS AND DISCUSSION 
 
The elemental analysis of the original material is 
presented in the Table 1. These results show that 
they are good original materials (C≈50%), especially 
considering that they are merely residues. 
 
Table 1. Elemental analysis and ash content of the original 
material 
 
 
 
 
 
Table 2. Analysis of the pyrolyzed materials 
 
 
 
 
 
 
 
 
 
 
 
 
The ash composition of the original material was 
studied by atomic spectrometry and is presented 
    in Figure 2.  
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Figure 2. Ash composition by AE 
 
Sample C (%) 
H 
(%) 
N 
(%) 
S 
(%) 
Ash 
(%) 
Acacia pod 50,57 4,77 1,45 0,26 5,53 
Chestnut shell 49,08 4,89 0,97 0,17 2,11 
Grape pip 53,32 5,68 1,05 0,23 2,07 
Pyrolyzed sample C (%) 
Ash 
(%) 
Yield 
(%) 
Acacia pod 82,86 12,60 38,02 
Chestnut shell 91,32 4,78 34,14 
Grape pip 92,54 5,34 39 
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Figure 1. TG-DTG lignocellulosic wastes 
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The chemical composition of the carbonized 
materials is shown in Table 2.  
 In order to increase the specific surface 
area, SBET,  chemical activation was carried out by 
changing several parameters   while maintaining  the 
activating agent (KOH),  maintenance time of final 
temperature (60 min) and  heating rate (5 °C/min) 
constant. The results for the Acacia residue are 
shown in Table 3. These samples have low sulphur, 
oxygen and nitrogen contents. The nitrogen content 
decreases, from 1,5 % at 700 °C to 0,99 % at 900 °C, 
as the activation temperature increases.  
 
Table 3. Activated carbons from acacia residue 
 
 
Table 4. Activated carbons from chestnut residue 
 
The chestnut residue was activated using the same 
conditions as for the Acacia residue. The results 
obtained are presented in Table 4. The hydrogen, 
nitrogen and sulphur contents in this residue are 
analogous to those above. The nitrogen content also 
decreases when the activation temperature rises. 
 In the case of residues from the grape pips, 
the activation results are shown in Table 5. From this 
table it can be seen that the hydrogen, sulphur and 
nitrogen contents continue to be low for the grape pip 
waste with nitrogen values close to 1%. 
 Figure 3 shows the increase in specific 
surface area (SBET) with the change in activation 
temperature. 
 
 
 
 
 
Table 5. Activated carbons from grape residue  
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Figure 3.  Specific surface area of activated carbons 
 
CONCLUSIONS 
 
From the residues of the lignocellulosic material, 
activated carbons without heavy metals and with an 
ash content between 0,1 % and 3 % were obtained.  
The adsorbents obtained reach specific surface 
areas, SBET, of approximately      2000 m2/g.  
These areas increased when the concentration of 
activating agent and the final activation temperature 
were increased. 
The obtained materials were essentially 
microporous. 
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